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Fig.2 Variation curve of'the relative density with sintering temperature
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Fig.4 Microstructure (a), EDS point scanning (b—c), and EDS element mappings (d—g) of (La,Ba,)B,-VB, composite obtained under the
conditions of 1900 °C-40 MPa-5 min
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Table 1 Relative density (D), grain size (G,), Vickers hardness

(H), fracture toughness (K,.), and bending strength (B)

of (La,Ba,)B-VB, composite at different sintering

temperatures (7)

T°C D% G/um H/GPa K, /MPam'” B/MPa
1500 89.88 2.68+1.44 16.57+0.88  1.95+0.16 -
1600  93.67 3.75+1.58 20.72+1.09  2.63+0.19 -
1700 9557 4.91+1.01 21.05+1.10 2.87+0.23 -
1800 96.85 5.72+1.22 22.81+1.17  3.240.25 -
1900 98.57 7.21+1.37 24.89+1.26 3.81+0.28  376.32
O_
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Time/s

7 1900 ‘C-40 MPa-5 min il % ) (La, ;Ba, .)B,-VB, & & M R} 8.1

507 R B )22 4K i 26
Fig.7 Variation ofthe load and displacement with time for (La, ;Ba, )B-
VB, composite prepared under the condition of 1900 °C-40 MPa-

5 min
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7 i 24 JLF #8427 (La, Ba, ) B M 6 2 A KK
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Fig.8 Fracture morphology of (La,Ba, ;) B,-VB, composite
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Fig.9 Effects of the sintering temperature (a) and operating temperature (b) on the current density of (La, ;Ba,,)B,-VB, composite
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Fig.10 Schottky curves of (La,Ba,)B,-VB, composite at different sintering temperatures: (a) 1900 °C, (b) 1700 °C, and (c) 1500 °C
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Table2 Effect of operating temperature on the highest current density J, zero-field current density J,, and work function @, of (La, .Ba,)B,-

VB, composite sintered at the different sintering temperatures

Sintering JA-cm? JJ/A-cm? @ JeV
temperature, T/°C 1600 °C 1500 °C 1400 °C 1600 °C 1500 °C 1400 °C 1600 °C  1500°C 1400 °C
1500 3.82 3.54 3.26 0.22 0.18 0.15 3.45 3.28 3.10
1700 3.70 3.44 3.30 0.24 0.19 0.15 3.44 3.27 3.10
1900 7.56 6.25 5.31 0.66 0.48 0.36 3.27 3.12 297
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Microstructure and Thermionic Emission Properties of (La,;Ba,;) B,-VB, Cathode

Yang Xinyu', Wang Zixuan', Li Zimeng', Cheng Hefa', Zhao Wei', Wang Yan', Luo Shifeng', Han Cuiliu*, Zhang Jiuxing'
(1. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)
(2. Anhui Sunking Precision New Material Technology Co., Ltd, Hefei 230031, China)

Abstract: Lanthanum hexaboride (LaBy) is an excellent high-temperature ceramic material for thermionic cathodes. However, the high brittleness
of LaB; makes it difficult to process, limiting the further engineering application. In this study, Barium hexaboride (BaB,) with low work function
and Vanadium diboride (VB,) with high elastic modulus were added into LaB,. (La, Ba,,)B.-VB, composite with the high relative density of
98.57%, whose matrix is a single-phase solid solution, was prepared by spark plasma sintering (SPS) under the conditions of 1900 °C, 40 MPa,
and 5 min. As the sintering temperature increases from 1500 °C to 1900 °C, the average grain size of the composite increases from 2.68+1.44 pm
to 7.211.37 pum, Vickers hardness increases from 16.57+0.88 GPa to 24.89+1.26 GPa, fracture toughness increases from 1.95+0.16 MPa-m'” to
3.81+0.28 MPa'm'?, and the maximum bending strength reaches 376.32 MPa. Crack deflection and branching are identified as the primary
toughening mechanisms in the composite. (La, Ba,)B,-VB, composite exhibits the maximum current density of 7.56 A/cm’ and the minimum
work function of 2.97 eV.

Key words: (La, Ba,,)B,-VB, composite; SPS; microstructure; mechanical properties; thermionic emission performance
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